Attention was recently drawn to the production of Dglucose by salivary glands and its concentration in the saliva of both normal and diabetic subjects. Likewise, the identity and expression of selected transporters involved in the handling of the hexose by salivary glands were recently investigated in both normal and diabetic rats. In consideration of this information, the present report aims at providing an integrated review on the physiopathology of parotid cell energetics.
INTRODUCTION
The production of D-glucose by salivary glands and the concentration of the hexose in saliva are both higher in diabetic patients than in control subjects [1] . Several transporters including GLUT1, GLUT2, GLUT4 and SGLT1 were recently considered as possibly playing a role in the handling of D-glucose in salivary glands [2, 3] . The expression of GLUT4 documented in the parotid gland and submaxillary gland of both control and diabetic rats may also be relevant to the regulation of Salivary cell energetics. In such a perspective, the present report aims at providing an integrated review on the physiopathology of rat parotid cell energetics.
Emphasis is placed on the several methods that can be used and were indeed used to assess such variables as the overall energy status judged by the uptake of Tc-MIBI, the uptake of selected hexoses and heptoses in order to investigate the possible role of distinct sugar transporters, the phosphorylation of these carbohydrates in cell homogenates in order to identify the concerned catalytic hexokinases(s), the utilization and oxidation of distinct simple sugars and their reciprocal metabolic effects, the eventual intracellular accumulation of glycogen in situations of sustained hyperglycemia, the participation of a mitochondrial carbonic anhydrase in the conversion of carbon dioxide to bicarbonate anions, the activity and secretion of amylase, and the environmental modulation of selected biochemical variables.
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Tc-sesta-(2-methoxy-isobutyl-isonitrile) (Tc-MIBI) UPTAKE
It was proposed by Blocklet et al. [4] that the uptake of Tc-MIBI by parotid cells may be useful to detect alteration of nutrient metabolism, e.g. in cells deprived of any exogenous nutrient. After 60 min incubation at 37˚C in the presence of 16.7 mM D-glucose, the net uptake of Tc-MIBI (44 nM) by rat parotid cells averaged 5.92 ± 0.38 fmol/10 3 cells (n = 20). Over 2 to 90 min incubation, the time course for Tc-MIBI uptake indicates a progressive increase towards an equilibrium value. Over a 60 min-incubation, such an uptake was virtually proportional to the concentration of Tc-MIBI (20 -100 nM). Over the same incubation time, a concentration of 5.6 mM D-glucose was sufficient to increase Tc-MIBI uptake above basal value to a maximal level, no further increase in uptake being observed when the concentration of the hexose was raised to 16 
UPTAKE OF D-GLUCOSE AND D-MANNOHEPTULOSE
The intracellular accumulation of 3-O-methyl-D-[U- 14 C] glucose (4 -6 µM) was judged from the total 3-Omethyl-D-[U- 
The intracellular distribution space of 3-O-methyl-D-[U- 14 
PHOSPHORYLATION OF D-GLUCOSE AND D-MANNOHEPTULOSE
In a first study, the phosphorylation of D-glucose (0.1 to 20.0 mM) by rat parotid gland homogenates, at increasing concentrations of D-mannoheptulose (1.0 to 20.0 mM), yielded reaction velocities indicative of competitive inhibition of hexokinase by the heptose. Thus, in a Dixon plot, the regression lines obtained at the four concentrations of D-glucose had a common intercept in the left quadrant, corresponding to a Ki close to 2.2 mM Dmannoheptulose [6] . In a further study, the phosphorylation of D-[U- 14 C]glucose (0.1 to 3.0 mM) by rat parotid gland homogenates yielded a Km of 0.09 mM, close to that found in the same study with beef heart hexokinase, i.e. 0.11 mM. D-mannoheptulose (3.0 mM) inhibited in a competitive manner the phosphorylation of D-glucose [7] . D-mannoheptulose hexaacetate (0.3 to 3.0 mM) did not inhibit the phosphorylation of D-glucose at any of the four concentrations of the hexose used in these experiments (0.1 mM, 0.3 mM, 1.0 mM and 3.0 mM).
The phosphorylation of D-glucose (16.7 mM) by rat parotid gland homogenates was unaffected by D-fructose (80.0 mM) and decreased by no more than 2.8% to 4.5% by 3-O-methyl-D-glucose and D-galactose, respectively, also tested at a 80.0 mM concentration [8] .
Rat parotid gland homogenates catalyzed the phosphorylation of D-[ [7] . Control experiments indicated that neither acetate nor methylacetate, tested at a concentration (6.0 mM) equimolar to that of acetate residues of In a further study, the generation of 3 HOH from D-[3- 
D-GLUCOSE AND D-MANNOHEPTULOSE METABOLISM
D-FRUCTOSE PHOSPHORYLATION AND METABOLISM
As judged from the rate of D-fructose (1.0 mM) phosphorylation by homogenates first heated for 5 min at 70˚C, the activity of fructokinase in rat parotid glands is close to the limit of detection, in sharp contrast to the findings recorded within the same study in rat liver homogenates [11] . [12] .
These findings were confirmer in a further study, in which it was documented that the generation of 
GLYCOGEN ACCUMULATION
In situations of sustained hyperglycemia, glycogen accumulates to a larger extent in insulin-producing  -cells than in acinar cells of the pancreas. In three series of investigations, it was investigated whether parotid glands also accumulate glycogen in comparable situations.
In the first study, normal rats were infused for 48 hours with a hypertonic solution of D-glucose (1.67 M) containing a tracer amount of D-[U- 14 C]glucose and delivered at an infusion rate of 2.8 ml/60 min per rat. The radioactive content of the parotid gland averaged, when expressed relative to the paired blood value 2.46 ± 0.29 µL/mg, a value somewhat higher, albeit not significantly so, than that found in the pancreas (1.39 ± 0.36 µL/mg) and much lower than that found in the liver. A comparable hierarchy was observed for the radioactive glycogen content of these 3 organs. The radioactive glycogen content of the parotid gland, expressed as D-glucose equivalent, averaged 5.10 ± 1.02 nmol/mg. These findings document that sustained hyperglycemia may result in a sizeable de novo accumulation of glycogen in parotid glands [14] .
In a somewhat comparable perspective, control rats, rats rendered diabetic by a prior administration of streptozotocin and streptozotocin-injected rats treated with exogenous insulin were injected intravenously at time zero with 2-deoxy-2-[ 18 F]fluoro-D-glucose [15] . Whilst the radioactive content (cpm/mg) of the parotid gland merely underwent a modest increase between the 3 rd and 240 th min after the latter injection, whether in control or diabetic animals treated with insulin, the parotid/plasma radioactive ratio was one order of magnitude higher at min 240 than at earlier times (min 3 and min 15). Whether 3 min, 15 min or 240 min after the same injection, the radioactive content (cpm/mg wet weight) of the parotid gland of control rats was somewhat higher than that of the pancreatic gland. As a rule, it failed to differ significantly in control and either untreated or insulintreated streptozotocin-induced diabetic rats. Thus, whether at min 3, min 15 or min 240, the parotid/plasma radioactive ratio averaged in the insulin-treated diabetic rats 132.0% ± 14.6% (n = 12) of the mean corresponding values found at the same time in control animals (100.0% ± 9.0%; n = 13).
In the last study, untreated streptozotocin-induced diabetic rats and control rats infused with a hypertonic solution of D-glucose (16.7 mM) in order to raise their plasma D-glucose concentration from an initial value 6.81 ± 0.29 mM to a value of 33.28 ± 6.54 mM virtually identical to that found in the diabetic animals (34.90 ± 2.82 mM) were examined 8 hours after the intravenous injection of 2-deoxy-2-[ 18 F]fluoro-D-glucose. Once again, the parotid/blood radioactive ratio was somewhat higher than the pancreatic/blood radioactive ratio, whether in control or STZ rats, and somewhat higher in diabetic rats than in control animals [16] . The latter finding contrasted with a much lower muscle/blood radioactive ratio in the diabetic rats than in the control animals infused with the hypertonic solution of D-glucose.
CARBONIC ANHYDRASE ACTIVITY, AMYLASE ACTIVITY AND AMYLASE SECRETION
As judged from the conversion of to 14 CO 2 , the activity of carbonic anhydrase in rat parotid cell homogenates is virtually proportional to 3 concentration, increasing from 1.11 ± 0.04 (n = 4) to 11.68 ± 3.01 (n = 8) nmol/min per mg protein as the concentration of 3 is raised from 50 µM to 0.5 mM [17] . In the presence of 50 µM zyme, expressed per milligram of protein, is four to five times higher in parotid cell homogenates than in islet homogenates of the same animals. In the parotid cell homogenates, the activity of carbonic anhydrase, as measured in the presence of 50 µM 3 , is inhibited by acetazolamide, as well as by hydrochlorothiazide, with respective inhibition constant values close to 2.2 and 27.8 µM [17] . No significant difference in carbonic anhydrase activity, as measured in the presence of 0.5 mM 3 , was observed when comparing female Wistar and Goto-Kakizaki rats of comparable age, whether the results were expressed per mg protein or µg DNA [18] .
The activity of amylase in the homogenates of parotid cells also failed to differ significantly in Wistar and Goto-Kakizaki rats, with mean respective values of 13.4 ± 1.3 (n = 8) and 14.8 ± 1.1 (n = 12) µU/mg protein [18] .
When rat parotid cells are incubated for 30 min at 37˚C in salt-balanced media containing either 102 mM NaCl and 24 mM NaHCO 3 or 126 mM NaCl and no bicarbonate, the output of -amylase is decreased in the absence of bicarbonate to 50.1% ± 5.5% (basal output), 48.9% ± 4.4% (carbamylcholine-stimulated output) and 50.3% ± 4.7% (isoproterenol-stimulated output) of the mean corresponding values found within the same experiment(s) in the presence of bicarbonate (n = 15 in all cases). It was proposed, therefore, that the 3 
HCO
 anion participates in the secretory sequence at sites distal to the identification of secretagogues [19] .
ENVIRONMENTAL MODULATION OF BIOCHEMICAL VARIABLES
In the preceding section of this review, it was already underlined that hereditary diabetes in Goto-Kakizaki rats fails to affect either the activity of carbonic anhydrase or the amylase content of parotid cells. It should not be ignored, however, that, in salivary glands, selected biochemical variables may be affected by environmental factors.
For instance, the total fatty acid content of phospholipids in the submandibular gland, expressed relative to tissue wet weight, is almost twice higher in young rats (8 -9 weeks) than in older animals (22 -23 weeks), this coinciding with lower C16:0/C16:17, C18:0/C18:19, C20:36/C20:46 and C22:53/C22:63 ratios in the older rats than in the young animals [20] . Likewise the total fatty acid content of triglycerides, always expressed relative to tissue wet weight, is about twice higher in old rats than in young rats, with a significant inverse correlation between the individual values for the weight percentage of C20:46 and total fatty acid content of submandibular gland triglycerides.
Likewise, severe alterations of the phospholipid and triglyceride fatty acid pattern were observed in the submandibular gland of rats depleted in long-chain polyunsaturated 3 fatty acids [20] . Injection of these rats with a medium-chain triglyceride:fish oil emulsion 60 -120 min before sacrifice increased the phospholipid C22:53 and C22:63 content of the submandibular gland [20, 21] .
CONCLUSION
The present review draws attention to a number of biochemical features relative to the energetics of salivary glands, especially parotid cells. In our opinion, this information should not be ignored when considering the perturbation of salivary gland metabolism and function, such as that encountered in diabetic patients. More precisely, the present review deals with the relevant methods to assess possible alterations of metabolic events in selected steps of carbohydrate transport, phosphorylation and further anabolic or catabolic processes.
